1. Lung volumes, airway resistance and flowlvolume curves were measured in ten asthmatic subjects at times when tightness in the chest was just sensed (threshold symptom).
Introduction
Previous studies of the pathogenesis of symptoms associated with pulmonary dysfunction have either related symptoms to indices of lung function in normal subjects (Bakers & Tenney, 1970; Halttunen, 1974; West, Ellis & Campbell, 1975) or depended upon the perception of externally hindered breathing (Campbell, Freedman, Smith & Taylor, 1961 ; Campbell, Bennett & Rubenstein, 1963; Bennett, Jayson, Rubenstein & Campbell, 1962; Wiley & Zechman, 1966; Newsom-Davis, 1967) . Although externally loaded breathing may provide information about the reflex control of respiration, extrapolation to a clinical situation may be of limited value. Few studies have related abnormalities in lung function to the severity of symptoms in asthmatic subjects (McFadden, Kiser & de Groot, 1973; Petit & Delhez, 1970; Kinsman, O'Banion, Resnikoff, Luparello & Spector, 1973) .
We have studied asymptomatic asthmatic subjects in order to ascertain the alterations in lung volumes and airway function needed to produce a just noticeable tightness in the chest (threshold symptom) when acute asthma (internal loading) was provoked by inhalations of methacholine aerosol. We compared lung function during such induced asthma with that during spontaneous attacks of asthma of the same subjective severity. The similarity of the measurements in each state suggests that such internal loading experiments may allow further study of the sensations associated with disordered breathing.
Material and methods
We studied ten adult asthmatic volunteer subjects (seven men, three women), aged 21-39 years (mean age 26.5), each of whom had been asthmatic since childhood (Table 1) . Each gave informed consent to the studies, which were approved by the Ethics Committee of the Royal Melbourne Hospital.
Each subject sat in a variable pressure plethysmograph (DuBois, Botelho & Comroe, 1956 ). Repiratory rate (f) and tidal volume ( VT) were measured by averaging the records of an integrated signal from a Fleisch no. 4 pneumotachygraph over five successive breaths.
Expiratory reserve volume (ERV) and vital capacity (VC) were each measured twice, the greater value of each being used to calculate residual volume (RV) and total lung capacity (TLC). Functional residual capacity (FRC) and airway conductance (Caw) at this lung volume were measured while the subject panted through a mouthpiece fitted with a mechanical shutter. Each was measured two to five times, the final value being an average of these measurements. One-second forced expired volume (FEVl.o) and maximal expiratory flow/ volume (MEFV) curves were recorded from forced expiratory manoeuvres through the pneumotachygraph. MEFV curves were photographed from a storage oscilloscope, with calculation of maximal expiratory flow at 50% of the expired vital capacity ( vmaz. so), and also an index of the time-constant of the lung v / V 2 s -7 s (Olive & Hyatt, 1972) , measured from the slope of the straight line connecting the points on the MEFV curve at 25 and 75% of the vital capacity.
Methacholine aerosols were administered until tightness in the chest was first detected, the aerosol being inhaled through a tube in the plethysmograph wall, so as not to contaminate the subject's immediate environment. Sterile methacholine hydrochloride in sodium chloride solution (154 mmol/l) was given in the sequence of concentrations 0.5, 1.25, 2.5, 5.0, 10.0 and 25.0 mg/ml, being nebolized by a Vaponephrin (Bennett) nebulizer driven with an O2 flow of 5 I/min, and delivered as single vital capacity inhalations at 3 min intervals. The sequence of administration was the same on each test occasion, but the subjects were told that the solutions were randomized and that they might be given either active drug or saline. If a subject considered that he was more than 'just noticeably tight' the results were not included for analysis.
Stopping the study at this degree of symptomatology depended on rapport between the investigator and subject. The nature of the study excluded a more objective definition of threshold such as the ability to detect an added load on 50% of the occasions which it was presented (Campbell et af., 1961) .
Subjects were also assessed when they had spontaneous symptoms at rest, of the same severity as described above. This is called a spontaneous threshold. No special instructions preceded these occasions; in particular, therapy was not interrupted and asthma was not provoked experimentally. The time-course of development of spontaneous symptoms was not documented. Each subject was tested between one and six times with methacholine, and between one and four times when threshold symptoms developed spontaneously. Because of the unequal number of studies for each subject, each individual's results were averaged, the mean results for the group being derived from the 10 individual averages. Differences between the induced and spontaneous attacks were assessed by a paired t-test on the 10 averaged data 'pairs'.
Predicted normal values were obtained for lung volumes and FEVl.o (Goldman & Becklake, 1959) , Caw (Pelzer & Thomson, 1966) and vmax. I. (Cherniack & Raber, 1972) . The group mean values measured when symptoms of just noticeable tightness were induced by methacholine were very similar to those when the same symptoms occurred spontaneously (Table 2 ). There were no significant differences in lung volumes, FEVl. , , , Vmax. or respiratory frequency. Methacholine-induced attacks were associated with 6.5%; V / V z s -, s , 13.4%; VT, 9.3;f, 9.8%. significantly lower values for Caw than those occurring spontaneously. Differences in timeconstant of the lung (v/V25-7s), and tidal volume were statistically significant (P > 0.05) but physiologically minor.
Results

Fig
Discussion
Bronchial provocation has often been used to diagnose latent asthma (Cade & Pain, 1971) or to investigate the pathogenesis of heightened bronchial reactivity (Empey, Laitinen, Jacobs, Gold & Nadel, 1976) . It has rarely been used in a controlled fashion to study symptoms associated with acute asthma. Our results indicate that the technique may be used to induce attacks in a controlled manner, enabling study of the way in which physiological loads contribute to the genesis of respiratory sensations. The nature of this study has led us to accept a number of compromises. First, the definition of a threshold symptom was, by necessity, subjective. Unlike experiments with transiently applied loads, we could not define the threshold as that load detected on only 50% of the occasions it was applied (Campbell el af., 1961) . Secondly, the inherent lability of lung function in asthmatic subjects, even without symptoms, limits precise comparison of indices measured on different occasions. We have thus accepted the average values of each subject's results as an indicator of the load to breathing. We have also reported Caw and FRC separately, rather than as the usually combined index (specific airway conductance, sGaw). Since Caw and FRC are measured with non-forced manoeuvres, and are measured at that lung volume at which the symptoms develop, they might individually provide more information about resistive and elastic loads to breathing than a single index such as sGaw. Finally, we have not considered either the time-course of the induced attacks nor the changes of lung function from base-line, as we have no comparable information about the spontaneous thresholds. We have rather attempted to compare induced and spontaneous asthma to ensure that the indices we interpret as 'internal loads' to breathing were not widely dissimilar in the two states.
Given these compromises, it is of interest that the indices of lung function measured when provoked symptoms were just sensed were in such close agreement with those measured when symptoms developed spontaneously. The significantly different values of V/V25-,5 in the induced and spontaneous attacks may have resulted from local aerosol deposition causing more proximal airway constriction than that Seen in spontaneous asthma of the same subjective severity. However, we could not readily localize responses in small and large airways (Despas, Leroux & Macklem, 1972) .
Unlike the studies of respiratory sensations utilizing external loads to breathing these induced attacks appear to be a more appropriate simulation of the natural disease. They mimic spontaneous asthma sufficiently well to allow a reasonable extrapolation of conclusions from such internal loading experiments to the spontaneous asthmatic attack.
